IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: 
Stephen Paul Bartels et al. 

Serial No.: 09/816,284 

Filed: March 23, 2001 

Title: NUTRITIONAL SUPPLEMENT TO 

TREAT MACULAR DEGENERATION 

DECLARATION BY INVENTOR 
UNDER 37 CFR 1.132 

I,- Stephen Paul Bartels, declare that the present invention as disclosed 
and claimed in the above-identified application has been shown in the Age- 
Related Eye Disease Study (AREDS) conducted by the National Eye Institute to 
have surprising beneficial effects over the use of either antioxidants-vitamins A ( 
C and E or zinc/copper alone, as described in detail in the enclosed AREDS 
Report No. 8, "A Randomized, Placebo-Controlled, Clinical Trial of High-Dose 
Supplementation with Vitamins C and E, Beta Carotene, and Zinc for Age- 
Related Macular Degeneration and Vision Loss' 1 (Annex 1) incorporated herein 
by reference. 

To further illustrate the surprising beneficial effects of using the present 
invention over the use of either antioxidants -vitamins A, C and E or zinc/copper 
alone, enclosed herewith and incorporated herein by reference are two graphs 
: r etaken from AREDS Report No. 8 titled, "Risk of Developing Advanced AMD" 
(Annex 2) and "Risk of Moderate to Severe Vision Loss" (Annex 3). 
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The public health impact of the present invention as reported by the 
National Eye Institute based on the AREDS results. (Annex 4) is that if the 
currently 6 million Americans with intermediate. age-related macular degeneration 
or advanced age-related macular degeneration in one eye took the present 
invention, over one quarter of a million people would be saved from advanced 
■ - V^ Vr i . age-related macular degeneration and blindness in the next five years! This 

represents a 25 percent reduction in vision loss, which is considered by experts 
to be an exceptional achievement. This exceptional achievement in reducing 
vision loss through the use of the present invention was published in the AREDS 
Report of November 2001. Since that time, more than five (5) products sold by 
more than five companies (Annex 5) have entered the nutritional market touting 
the "AREDS" formulation, thus serving as a further testament to the exceptional 
achievement of the present invention in preserving vision.. 

I acknowledge that willful false statements and the like in this Declaration 
are punishable by fine or imprisonment, or both (18 U.S.C. 1001) and may 
jeopardize the validity of this application or any patent issuing thereon. All 
statements made in this Declaration of my own knowledge are true and all 
^^ iw-.statements made oh information and belief are believed to be true. 

By: W^ J^^ ^t> > 

\itephen Paul Bartels, Ph.D. 

Date: 4 WkfL 
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ANNEX 1 



AREDS Report No. 8, "A Randomized, Placebo-Controlled, Clinical Trial of High- 
Dose Supplementation with Vitamins C and E, Beta Carotene, and Zinc for Age- 
Related Macular Degeneration and Vision Loss", Arch Ophathalmol, Vol. 119, 
Oct. 2001, pp. 141 7-1 436. 
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A Randomized, Placebo-Controlled 
Clinical Trial of High-Dose 
Supplementation With Vitamins C and E 
Beta Carotene, and Zinc for Age-Related ' 
Macular Degeneration and Vision Loss 

AREDS Report No. 8 

Age-Related Eye Disease Study Research Group 



^OHiVES EXPRESS 



Backgrounds Observational and experimental data sug- 
gest that antioxidant and/or zinc supplements may de- 
tijjL progression of age-related macular degene7aiio~n 
(AMD) and vision loss. 

Ob|«cllv«s To evaluate the effect of high-dose vita- 
mins C and E, beta carotene, and zinc supplements on 
AMD progression and visual acuity. 

Dosigm The Age-Related Eye Disease Study, an 11- 
center double-masked clinical trial, enrolled participants 
in an AMD trial if they had extensive small drusen, inter- 
mediate drusen, large drusen, noncentral geographic at- 
rophy, or pigment abnormalities in 1 or both eyes, or ad- 
vanced AMD or vision loss due to AMD in 1 eye. At least 
1 eye had best-corrected visual acuity of 20/32 or better 
Participants were randomly assigned to receive daily oral 
tablets containing: (1) antioxidants (vitamin C, 500 me- 
vitamin E, 400 IU; and beta carotene, 15 mg); (2) zinc 
^mg 1 J§^inc^ ide and copp er, 2mg ,ascupric oxid e;' 
(3) antioxidants plus^ncr6F(^)^racebio! 

Main Oufcom* Moasurosi (l)Photographic assess- 
ment of progression to or treatment for advanced AMD and 
(2) at least moderate visual acuity loss from baseline (^15 
letters). Primary analyses used repeated-measures logistic 
regression with a significance level of .01, unadjusted for 
covariates. Serum level measurements, medical histories 
and mortality rates were used for safety monitoring. 

Results: Average follow-up of the 3640 enrolled study par- 
ticipants, aged 55-80 years, was 6.3 years, with 2.4% lost 



to follow-up. Comparison with placebo demonstrated a sta- 
tistically significant odds reduction for the development of 
advanced AMD with antioxidants plus zinc (odds ratio 
IOR1, 0.72; 99% confidence interval [CI 1,0.52-0.98). The 
ORs for zinc alone and antioxidants alone are 0 75 (99% 
CI, 0.55-1.03) and 0.80 (99% CI, 0.59-1.09), respectively 
Participants with extensive small drusen, nonextensive in- 
termediate size drusen, or pigment abnormalities had only 
Jo j % 5 ] year probabiIil y of progression to advanced AMD. 
Odds reduction estimates increased when these 1063 par- 
ticipants were excluded (antioxidants plus zinc OR, 0 66' 
99% CI, 0.47-0.91; zinc: OR, 0.71; 99% CI, 0.52-0.99* an- 
tioxidants: OR, 0.76; 99% CI, 0.55-1 .05). Both zinc and an- 
tioxidants plus zinc significantly reduced the odds of de- 
veloping advanced AMD in this higher-risk group. The only 
statistically significant reduction in rates of at least mod- 
erate visual acuity loss occurred in persons assigned to re- 
ceive antioxidants plus zinc (OR, 0.73; 99% CI, 0.54-0.99) 
No statistically significant serious adverse effect was asscv 
ciated with any of the formulations. 

Conclusions! Persons older than 55 years should have di- 
lated eye examinations to determine their risk of develop- 
ing advanced AMD. Those with extensive intermediate size 
drusen, at least 1 large druse, noncentral geographic atro- 
phy in 1 or both eyes, or advanced AMD or vision loss due 
to AMD in 1 eye, and without contraindications such as 
smoking, should consider taking a supplement of antioxi- 
danis plus zinc ^s uch as that used in this study. 

Arch Ophthalmol 2001;119:1417-1436 



For a list of the Principal 
Investigators and the AREDS 
Research Croup, see the box 
on page 14J4, The AREDS 
investigators have no 
commercial or proprietary 
interest in the supplements 
used in this study. 



Age-related macular degen- 
eration (AMD) is the lead- 
ing cause of visual impair- 
ment and blindness in the 
United States and else- 
where among people 65 years or older. 14 
At present, there is no proven treatment that 
slows or prevents the development of ad- 
vanced AMD. Laser photocoagulation™ and 
photodynamic therapy 7 " reduce the risk of 



either moderate or severe visual acuity loss 
in some persons with the neovascular form 
of the disease. Other medical and surgical 

See also pages 1439 
and 1533 

interventions are under investigation but 
none has been demonstrated as being ef- 
fective in a large randomized clinical trial.* 11 
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PARTICIPANTS AND METHODS 

STUDY POPULATION 

Details of the study design and methods presented else- 
where 13 are briefly summarized here. Eleven retinal spe- 
cialty clinics enrolled participants aged 55 to 80 years from 
November 13, 1992, through January 15, 1998, and fol- 
lowed them in the clinical trial until April 16, 2001. Po- 
tential participants were identified from the following 
sources: medical records of patients being seen at AREDS 
clinics, referring physicians, patient lists from hospitals and 
health maintenance organizations, public advertisements, 
friends and family of study participants and clinical center 
staff, and screeningsat malls, health fairs, senior citizen cen- 
ters, and other gathering places. 

All participants had a best-corrected visual acuity of 
20/32 or better in at least 1 eye (the study eye[s]). Visual 
acuity was assessed by certified examiners using the ETDRS 
logMAR chart and a standardized refraction and visual acu- 
ity protocol (AREDS Manual of Operations; The EMMES Cor- 
poration, Rockville, Md). Persons were enrolled in 4 AMD 
categories determined by the size and extent of drusen and 
retinal pigment epithelial abnormalities in each eye, 1 * the 
presence of advanced AMD (each determined by evalua- 
tion of color photographs at a reading center"), and vi- 
sual acuity as presented in Table 1 . Briefly, persons in Cat- 
egory 1 were essentially free of age-related macular 
abnormalities, with a total drusen area less than 5 small dru- 
sen (<63 pm), and visual acuity of 20/32 or better in both 
eyes. Category 2 participants had mild or borderline age- 
related macular features (multiple small drusen, single or 
nonextensive intermediate drusen [63-124 pml, pigment 
abnormalities, or any combination of these) in 1 or both 
eyes, and visual acuity of 20/32 or better in both eyes. Cat- 
egory 3 required absence of advanced AMD in both eyes 
and at least 1 eye with visual acuity of 20/32 or better with 
at least 1 large druse (1 25 pm) , extensive (as measured by 
drusen area) intermediate drusen, or geographic atrophy 
(GA) that did not involve the center of the macula, or any 
combination of these. Category 4 participants had visual 
acuity of 20/32 or better and no advanced AMD (GA in- 
volving the center of the macula or features of choroidal 
neovascularization) in the study eye, and the fellow eye had 
either lesions of advanced AMD or visual acuity less than 
20/32 and AMD abnormalities sufficient to explain re- 
duced visual acuity as determined by examination of pho- 
tographs at the reading center. Persons aged 55 to 59 years 
were eligible only if they were in Category 3 or 4. Ftgutv 1 
shows photographic examples of eyes of persons in Cat- 
egories 2 and 3. 



Individuals were not enrolled unless the ocular media 
were sufficiently clear, as determined by reading center re- 
view, to obtain adequate quality stereoscopic fundus photo- 
graphs of the macula in all potential study eyes. At least 1 eye 
of each participant had to be free from any eye disease that 
could complicate assessment of AMD, lens opacity progres- 
sion, or visual acuity (eg, optic atrophy, acute uveitis), and 
that eye could not have had previous ocular surgery (other 
than cataract surgery). Potential participants were excluded 
for illness or disorders (eg, history of cancer with a poor 7-year 
prognosis, major cardiovascular or cerebrovascular event within 
the last year, or hemachromatosis) that wou Id make long-term 
follow-up or compliance with the study protocol unlikely or 
difficult. 

Of the 4757 study participants, all but 3 met the study 
eligibility and exclusion criteria. The 3 exceptions, all in 
AMD Category 1, were found postrandomization to be tech- 
nically ineligible because 2 were aged 58 years and 1 ex- 
ceeded by 2 weeks the 4-month allowable time between 
qualification and randomization visits. All 3 participants 
remained in the trial and in their assigned treatment group. 

Prior to study initiation, the protocol was approved 
by an independent data and safety monitoring committee 
and by the institutional review board for each clinical cen- 
ter. Written informed consent was obtained from all par- 
ticipants before enrollment. 

STUDY DESIGN 

Interventions 

The clinical trial component of AREDS consists of 2 trials — 
AMD and cataract — generally sharing 1 pool of partici- 
pants (Figure a). The 4 treatment interventions were 
double-masked and given as an oral total daily supplemen- 
tation of antioxidants (500 mg of vitamin C, 400 1U of vi- 
tamin E, and 15 mg of beta carotene), orzinsJaflLiagjjL 
zinc as zinc oxide and 2 mfi "f i C flppfTi " c ""piinffltfii io- 
prevent poient j a^CTnUp; or t hejeombination of antiox i- 
o^nts^no^hc^ "famo. ~ 

As in all vitamin products, some ingredients degrade 
somewhat during the life of the product (ie, prior to expi- 
ration date). The manufacturer formulated each product 
with slightly different amounts of ingredients than listed 
above in an effort to achieve appropriate potency at the ex- 
piration date.* 



♦Tablets used In the active (real merit arms of these trtals were manu- 
factured to have the following minimum contents throughout the shelf 
life of the product: 7160 1U of vitamin A (beta carotene), 113 mg of 
vitamin C (ascorbic acid), lOOiUof vitamin E (dl-alpha tocopherol 
acetate), 17Amg of zinc (zinc oxide), andOA ^^^ gr (cupric aclde). 



J 



Oxidative damage to the retina may be involved in 
the pathogenesis of AMD. However, data from epide- 
miological studies 1 ®* 26 as well as small randomized clini- 
cal trials 27 * 29 do not show consistent associations between 
intake of antioxidants or zinc and risk of AMD. One small, 
randomized, 2-year, placebo-controlled clinical trial of zinc 
supplementation found a statistically significant reduc- 
tion in visual acuity loss in the zinc-treated group and rec- 
ommended a more definitive trial before a general recom- 
mendation could be made for zinc supplementation in those 



at risk of vision loss from advanced AMD." Despite the 
lack of convincing evidence, the marketing and use of 
antioxidants and zinc in eye-targeted formulations has 
become a common practice. 10 Inconsistent evidence from 
observational studies, the small clinical trial of zinc and 
AMD, and the public health concern regarding the wide- 
spread use of unproven, high-dose antioxidant and zinc 
supplements for AMD led the National Eye Institute (Na- 
tional Institutes of Health, Bethesda, Md) to incorporate 
a clinical trial as part of the Age-Related Eye Disease Study 
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Two study medication tablets were to be taken each 
morning and 2 each evening to meet the total daily dose 
requirement. Tablets were to be taken with food to avoid 
potential irritation of an empty stomach by zinc. 

Randomization 

Simple randomization, stratified by clinical center and 
AMD category, was used to assign treatment. Participants 
in Categories 2, 3, and 4 were assigned with probability 
one quarter to each treatment group: placebo, antioxi- 
dants, zinc, and antioxidants plus zinc. Participants in 
Category 1 were assigned with probability one half to pla- 
cebo or antioxidants. These study participants were at low 
risk for vision loss from AMD and there was no reason to 
suspect that zinc use would reduce the risk of progression 
of lens opacities. Because there was no apparent reason 
for these participants to supplement their diets with zinc, 
it seemed inappropriate to subject them to the possible 
consequences of high levels of zinc supplementation; 
thus, they were not enrolled in the clinical trial of zinc 
and are not included in analyses of AMD progression. Per- 
sons in Categories 2, 3, and 4 were randomized to the 4 
interventions (Figure 2). Multiple unique bottle codes 
were randomly assigned to each of the 4 treatments for 
Categories 2, 3, and 4, and also to each of the 2 treatments 
for participants in Category 1. A bottle code correspond- 
ing to the assigned treatment was randomly selected for 
each participant. 

Masking 

Study medication tablets for the 4 treatment groups were 
identical in external appearance and similar in internal 
appearance and taste. The coordinating center was custo- 
dian of the treatment code. Information documenting 
unmasking was collected during the study. 

Procedures 

General physical and ophthalmic examinations at base- 
line and at annual intervals included standardized mea- 
surement of the participant's height, weight, blood pres- 
sure, manifest refraction, best-corrected visual acuity, and 
intraocular pressure. Slitlamp biomicroscopy and oph- 
thalmoscopy were performed at each examination. Ste- 
reoscopic fundus photographs of the macula were taken 
at baseline and annually beginning 2 years after random- 
ization and graded centrally using standardized grading 
procedures. 34 Demographic information, history of smok- 
ing and sunlight exposure, medical history, history of 
specific prescription drug and nonprescription medica- 



tion use, and history of vitamin and mineral use were ob- 
tained at baseline. 

Following determination of participant eligibility by 
the coordinating center and reading center and successful 
participation in a 1 -month run-in with placebo, to dem- 
onstrate compliance with the treatment regimen (at least 
73% of the run-in medication taken according to pill count), 
participants were randomly assigned to 1 of the 4 treat- 
ment groups and then evaluated every 6 months. The run-in 
aspect of the study was considered important for 2 rea- 
sons. Participants had to be willing to take 2 fairly large 
tablets 2 times per day for up to 8 years and they had to 
agree that, for the duration of the study, the only other 
supplement they might take that contained any of the study 
medications would be Centrum (Whitehall-Robins Health- 
care, Madison, NJ), a multivitamin and mineral supple- 
ment with RDA-level doses. Fifty-seven percent of the study 
participants were supplementing with zinc or antioxidant 
vitamins prior to joining the study and 95% of this group 
chose to take Centrum, which the study provided. In ad- 
dition, although not encouraged, an additional 13% who 
were not taking vitamin supplements prior to the start of 
the study chose to take Centrum. Among other differ- 
ences, persons in the study who chose to lake Centrum dur- 
ing the course of the study were somewhat more likely to 
be in the higher-risk AMD categories and therefore may dif- 
fer from persons who did not choose to take Centrum with 
regard to their risk of AMD progression. 

At each visit, participants returned their used study 
medication bottles and any unused tablets, and received new 
bottles of their study medication. They received an ophthal- 
mic examination every 6 months. In addition to the sched- 
uled fundus photography, photographs were also taken when 
a decrease in visual acuity score of 10 or more letters from 
baseline was first observed at a nonannual visit oral the first 
annual visit. If any submitted photographs were inadequate 
to assess lens or AMD status, requests were made for these 
photographs to be token again. Best-corrected visual acuity 
was measured according to the ETDRS protocol (AREDS 
Manual of Operations) at every annual visit and whenever a 
decrease from baseline of 10 or more letters was observed 
at a nonannual visit using the participant's previous refrac- 
tion. Special questionnaires were administered to all or a sub- 
set of participants at various times during participant follow- 
up: a modified Block Food Frequency Questionnaire, a 24- 
hour dietary recall questionnaire, and cognitive function tasks 
(AREDS Manual of Operations); an ocular sunlight- 
exposure questionnaire derived from the Melbourne study"; 
and the National Eye Institute Visual Function Question- 
naire (NEI VFQ-25).* 

Continued on next page 



(AREDS). This randomized clinical trial was designed to 
evaluate the effect of hig h doses.of zinc a nd selected an- 
UOJddajii_yjJarnins_(5 to about 15 times the recom- 
mended dietary allowance [RDA] U ) on the development 
of advanced AMD in a cohort of older persons. " This re- 
port presents the results of a randomized comparison of 
the risks and benefits of supplenienting with either zin c, 
antioxidants (yitami ns C and ^ ndbeJa-Ca roteneT roTthe 
combination of both on the ratejrf prog ression t o ad- 
van cedJ^JD "a nd'o n vjsual^^ityjJUteanjes. 



HI-SHI l s 



ENROLLMENT AND PARTICIPANT 
CHARACTERISTICS 

A total of 4757 participants were enrolled in AREDS. 
The 1117 in AMD Category 1 had few if any drusen. 
Only 5 of these 1117 participants developed advanced 
AMD during the course of the study, and we cannot 
assess the effects of antioxidants in this group on this 
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Four clinical centers (The Johns Hopkins Medical In- 
stitutions [Baltimore, Mdl, Devers Eye Institute [Portland, 
Orel , National Eye Institute Clinical Center (Bethesda) , and 
the Associated Retinal Consultants [Royal Oak, Michl) col- 
lected blood samples at baseline, which were analyzed at the 
central laboratory (Centers for Disease Control and Preven- 
tion, Atlanta, Ga) for total cholesterol, high-density lipo- 
protein cholesterol, triglycerides, vitamins A, C, and E, beta 
carotene, zinc, coppe r, alpha carotene, lutein and zeaxan- 
thin, p-cryptoxanthin, and lycopene. The first 3 centers also 
collected blood samples annually during follow-up for es- 
timation of adherence to the study medication regimen and 
to assess the effect of the study medications during the course 
of the study on serum levels of the parameters measured at 
baseline. Hematocrit was measured at all centers on all par- 
ticipants at baseline and annually thereafter to monitor the 
possible development of anemia. Safety outcomes included 
serum levels, adverse events, hospitalizations, and mortal- 
ity. Participants also were asked to report at each annual visit 
if they had experienced any 1 of 19 conditions since the last 
follow-up visit. These included anemia, gastrointestinal con- 
ditions, kidney stones, fatigue, skin conditions, cardiovas- 
cular conditions, and thyroid abnormalities. Although in- 
dividuals could have multiple occurrences of a condition or 
safety outcome, analyses compared the frequency of those 
who ever had the event with those who never had the event. 
The data and safety monitoring committee monitored safety 
outcomes annually. A network of collaborating physicians 
from non-AREDS clinics was formed to assist in obtaining 
follow-up visual acuity, fundus photographs, and ophthal- 
mic examinations from participants who could not return 
to an AREDS clinic. 

Sample Size and Power 

A total sample size of 4600 was selected. For the AMD trial, 
with an estimated 3600 participants in Categories 2, 3, and 
4, power was calculated assuming 5 years of follow-up, 15% 
of participants lost to follow-up prior to experiencing an 
event, 10% discontinuing study medication (and thereaf- 
ter assuming the placebo event rate), and 10% beginning a 
nonstudy supplement containing study medication ingre- 
dients (and thereafter assuming the full treatment I anti- 
oxidants plus zincl event rate). The placebo 5-year rate of 
progression to advanced AMD was assumed to be 1 7% based 
on the information available. After adjusting for non- 
compliance, for 2-sided a -.05, a projected sample size of 
3600 would provide at least 80% power to detect treat- 
ment effects of 25% to 50% on progression to advanced AMD 
depending on possible interactions between zinc and an- 
tioxidants. 



OUTCOMES 

At the start of the study, 2 primary outcomes were defined 
for study eyes in the AMD trial: (1) progression to ad- 
vanced AMD and (2) at least a 15-letter decrease in visual 
acuity score. 

Advanced AMD 

Progression to advanced AMD (an "AMD event") for a 
study eye was defined as follows: photocoagulation or 
other treatment for choroidal neovascularization (based 
on clinical center reports), or photographic documenta- 
tion of any of the following (based on reading center re- 
ports)*: GA involving the center of the macula, non- 
drusenoid retinal pigment epithelial detachment, serous 
or hemorrhagic retinal detachment, hemorrhage under 
the retina or the retinal pigment epithelium, and/or sub- 
retinal fibrosis. 

In AREDS, the retinal outcomes are based on color fun- 
dus photography rather than on fluorescein angiography 
or clinical examination. 

Visual Acuity Loss 

A decrease in best-corrected visual acuity score from base- 
line of 15 or more letters in a study eye (equivalent to a 
doubling or more of the initial visual angle, eg, 20/20 to 
20/40 or worse, or 20/50 to 20/100 or worse) was the pri- 
mary visual acuity outcome. Visual acuity was measured 
every 6 months. 

Secondary Outcomes 

Secondary AMD outcomes analyzed as part of the clinical trial 
included development of neovascular AMD, incidence of GA 
(not necessarily in the center of the macula), progression to 
advanced AMD with an associated visual acuity decrease of 
at least 1 5 letters, and worsening of AMD classification in Cat- 
egory 2 participants to Category 3 or 4 during follow-up. Sec- 
ondary visual acuity outcomes included a decrease in the best- 
corrected visual acuity score from baseline of 30 or more letters 
in a study eye (^6 lines or a quadrupling of the initial visual 
angle) and progression to a visual acuity score worse than 
20/100 in 1 or both eyes. . 

STATISTICAL ANALYSES. 

All comparisons were made on an intention-to-treat basis. 
Photographic AMD events were determined from photo- 
graphs taken at annual visits beginning at year 2. Events 



outcome. Therefore, this report focuses on the 3640 
study participants enrolled in the AMD clinical trial. 
Individual clinical centers enrolled 95 to 414 partici- 
pants in the AMD clinical trial. Of those enrolled, 1063 
had extensive small dmsen, pigment abnormalities, or 
at least 1 intermediate size druse (Category 2); 1621 
had extensive intermediate drusen, GA not involving 
the center of the macula, or at least 1 large druse (Cat- 
egory 3); and 956 had advanced AMD or visual acuity 
less than 20/32 due to AMD in 1 eye (Category 4). 



Thirty-one participants had no photographic assess- 
ment of AMD during annual study follow-up visits, 
leaving 3609 participants in whom the effect of inter- 
vention on AMD could be assessed. Forty-three partici- 
pants had no ETDRS visual acuity measurements 
obtained during follow-up, leaving 3597 participants in 
whom the effect of intervention on visual acuity could 
be assessed. Participants without photographic or visual 
acuity follow-up were evenly distributed across treat- 
ment groups. 
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of treatment for choroidal neovascularization from clini- 
cal reports at nonannual visits were attributed to the next 
annual visit. Primary comparisons for the development of 
advanced AMD and for a visual acuity decrease were the 
overall (main) effects of zinc (treatments 1 and 2) vs no 
zinc (treatments 3 and 4) and antioxidants ( 1 and 3) vs no 
antioxidants (2 and 4) on persons in Categories 2, 3, and 
4. The 2X2 factorial design (Tobl* a) also permits com- 
parisons of each of the 3 active treatment strategies with 
the placebo. Because persons are the units of analysis, no 
adjustment for correlation between paired eyes is needed. 

Only 15 participants in Category 2 (3 in the placebo arm) 
developed an AMD event by 5 years of follow-up. Therefore, 
assessment of treatment effect of the size seen in Categories 
3 and 4 was not possible in this group. Consequently, analy- 
ses limited to Categories 3 and 4 were performed. Primary 
analysis of treatment effect was done by repeated-measures 
logistic regression using the SAS procedure GENMOD (SAS 
Institute, Cary, NC), a generalized estimating equations 
method that allows for determining events at each visit for 
each participant. The annual probability estimates of event 
occurrence for each treatment that are derived from this model 
take into account the variability as well as the correlation of 
observations at follow-up visits for a given participant. This 
model was adopted because study events (either visual acu- 
ity loss or photographic evidence of lesions of advanced AMD) 
can come and go during study follow-up. We found that in 
approximately 8% of the identified cases of advanced AMD, 
based on central grading of color stereo photographs, the AMD 
lesions were not seen on subsequent yearly photographs. Pos- 
sible reasons for this disappearance include grading error, 
problems in photographic quality, and actual disappearance 
of the lesions. Because some of the lesions that define the study 
outcome are apparently transient, a life-table technique such 
as Kaplan-Meier to estimate the probability of progression is 
problematic; in this method an event remains an event de- 
spite evidence of reversal during follow-up. Cox propor- 
tional hazards survival analyses for the AMD outcomes and 
repeated-measures analysis of variance of mean change in vi- 
sual acuity were used for comparison with the findings of 
repeated-measure logistic regression to check for consis- 
tency of treatment effects. Cox proportional hazards sur- 
vival analysis, an extension of life-table analysis, is a regres- 
sion model of the effect of explanatory variables on time to 
first occurrence of an event This method was given second- 
ary importance because it is more appropriate for irrevers- 
ible and error-free events like death, where subsequent ob- 
servations are not relevant. 

Repeated-measures logistic regression provides esti- 
mates of odds ratios (ORs) for specified outcomes. Rela- 
tive risk (RR) may be further estimated from the algebraic 



relation RR -OR/[(l -Po) + (Po X OR) J , where Po is the in- 
cidence of the outcome of interest in the nonexposed or 
control group. 1 " For Po we use the estimated probability 
of the outcome from the repeated-measures analysis in the 
placebo group at 7 years. Analyses are unadjusted and also 
adjusted for the following baseline covariates: age (55-64, 
65-69, and 70-80 years), sex, race, AMD category, and smok- 
ing status. 

STATISTICAL MONITORING 

A data and safety monitoring committee monitored 5 end 
points from the 2 trials (AMD and cataract) simultaneously 
for both safety and efficacy." Sequential monitoring of end 
points assumed no interaction between the antioxidant for- 
mulation and the zinc formulation, so that only main ef- 
fects were analyzed. An a-spending function group- 
sequential method * was extended to address multiple time- 
to-event outcome variables by a Bonferroni adjustment 
distributing the type 1 error among the multiple end points. 
Log-rank tests were used to compare the response distribu- 
tions of the 2 treatment groups with an O'Brien-Fleming 
boundary* A separate monitoring of mortality used a Pocock- 
type boundary. 41 Comparisons were made with spending of 
a when requested by the data and safety monitoring com- 
mittee. Treatment effects at the end of the trial thai are sig- 
nificant atP-.Ol can be considered statistically significant 
at a -.05 after adjustment for multiple outcomes and in- 
terim analyses. Nominal P values greater than .01 but less 
than .05 should not be considered statistically significant and 
should only be considered as suggestive, owing to the mul- 
tiple outcomes and interim analyses performed. 

CHANGE IN TREATMENT 

In 1994 and 1996, AREDS participants were informed of the 
results of2studiessuggestingpotential harmfuleffectsofbeta 
carotene among smokers.' u ■^ , Participants who were current 
cigarette smokers at the time of enrollment were contacted 
in 1996 and offered the option of continuing or discontinu- 
ing their masked AREDS study medication. Participants in 
Categories 2, 3, and 4 who were current or former smokers 
at baseline were also given the opportunity to be reassigned 
to a masked study medication that excluded any antioxidant 
component. As a result, 72 participants (2.0% of all partici- 
pants and 18% of smokers) slopped taking medications (15 
or 1 .7% in the placebo arm) and 84 participants (2.3%) were 
reassigned from a study medication containing beta carotene 
to one without beta carotene. The original treatment group 
assignments were retained for all analyses. 



Participant characteristics by treatment assign- 
ment for the 3609 participants with photographic data 
available from an AREDS clinic are presented in 
TabU 3. The frequency of these characteristics was 
similar among the 4 treatment groups and no large or 
statistically significant differences were found. Fifty- 
six percent of participants were women, 96% were 
white, and the median age was 69 years. At baseline 
8% were current cigarette smokers and 67% chose to 
take Centrum, a multivitamin supplement. Of those 



who elected to take Centrum, 30% had been taking 
multivitamins or a supplement containing a study 
ingredient for more than 5 years before study entry. 
After accounting for age, sex, and race, participants in 
AREDS had higher or similar dietary intake of vita- 
mins A, C, and E, and zinc than the general popula- 
tion sample from the Third National Health and Nutri- 
tion Survey (data not shown). 41 Baseline dietary intake 
of the study nutrients was balanced across treatment 
groups. 
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•Must have visual acuity (VA) fe20732, no advanced age-related macular degeneration (AMD), and no disqualifying lesions 
tDrusen and geographic atrophy (GA) are assessed within 2 disc diameters (3000 ump of the center of the macula. 
tPfgment abnormalities (Increased pigmentation or depigmentation) within 1 disc diameter of the center of the macula. 
§Eye not eligible for VA event. 
JIEye not eligible for AMD event, 

fibromcular or fibrouSssue)'" 80 " 13 °' ° f Ch0r0idal Mwascutaria,ior > (WW* beneath the retinal pigment epithelium or sensory retina of fluid, blood, or 



Si- 



0 





!f?A *. photo 0 |, P h8 from Participants in the Age-Related Eye Oisease Study (AREDS) illustrating eyes In age-related macular degeneration Categories 2 
and 3. A. Left eye in Category 2 shows nonextensive Intermediate drusen, mostly located superotemporal to the center of the macula. No druse is 125 ym or 
greateHn diameter although some are 63 urn or greater and their cumulative area is less than AREDS circle 0-2 (about 0.2 disc areas). B, One left eye In Category 
3 depicts the lower limit of the category, having 1 large druse (a 125 ym In diameter) in the 8-o'clock position from the center of the macula, while another left eye 
(C) shows many large drusen (totaling at least 1 disc area) scattered throughout the macula. 



DATA QUALITY 

Only 2.4% of AREDS participants were lost to follow-up 
(missed at least their last 2 consecutive visits). Losses to 
follow-up were balanced across treatment groups. As of the 
5-year study visit, 13.6% of participants had withdrawn from 
their study medication — a figure that includes the 18% of 
current smokers who withdrew from study medication af- 
ter the results of the clinical trials of beta carotene and lung 



cancer were announced. By the end of the trial this in- 
creased to 14.7%. Flgur* 3 shows the number of partici- 
pants with follow-up and adherence to the study medica- 
tion regimens by year of follow-up. Overall, adherence was 
estimated to be 75% or greater (ie, participants took 75% 
or more of their study tablets) for 71% of the participants 
at 5 years. At the time of the 5-year study visit, 19% of study 
participants reported taking some nutritional supple- 
ments containing at least 1 of the study medication ingre- 
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clients in addition to the study medication and Centrum 
(18% for current smokers and 20% for former or 
nonsmokers). Four participants (0.1%) were reported to 
have been unmasked during the trial. Compliance with fun- 
dus and lens photography decreased during the course of 
the study. At the last study visit, 16% of participants did 
not follow the protocol for photography (missed photo- 
graphs); 9% of expected photographs were missed in the 
study overall. Of almost 50000 possible follow-up visits, 
10% were missed. The frequency of missed visits and mean 
follow-up rime (6.3 years) did not differ by treatment group. 
Most participants (90%) had at least 5 years of follow-up. 

The network of collaborating, non-AREDS clinic phy- 
sicians provided data for 42 annual follow-up visits and 
7 nonannual follow-up visits made by 28 participants. 
The results reported do not include these data, al- 
though inclusion of this information had no discernible 
effect on results. 

PHOTOGRAPHIC QUALITY 

More than 99% of fundus photographs taken during the 
clinical trial were judged by the reading center to be of 
gradable quality for the development of advanced AMD. 

PRIMARY OUTCOME — 
PROGRESSION TO ADVANCED AMD 

By AMD Category 

Flgur* 4 shows repeated-measures probability estimates 
of AMD events in at least 1 eye by baseline AMD category 
for participants in the placebo group and demonstrates that 
Category 2 participants, with extensive small drusen, pig- 
ment abnormalities, or at least 1 intermediate size druse 
(but not extensive in area), had only a 1 .3% probability of 
progression to advanced AMD by year 5. The 5-year esti- 
mated probability of progression to advanced AMD in 
either eye in participants with extensive intermediate 
drusen, large drusen, or noncentral GA (Category 3) was 
18%. Within the Category 3 group, half of the partici- 
pants had large drusen in each eye or noncentral GA in at 
least 1 eye at enrollment, and these participants were 4 times 
as likely to progress to advanced AMD (about 27% prob- 
ability of progression to advanced AMD at 5 years in the 
placebo group) compared with the remaining Category 3 
participants (about 6% probability of progression to ad- 
vanced AMD at 5 years in the placebo group). Partici- 
pants with advanced AMD in 1 eye or vision loss due to 
nonadvanced AMD in 1 eye (Category 4) had a 43% ex- 
pected probability of progression to advanced AMD in the 
fellow study eye at 5 years. In the original study design, 
participants in Categories 2, 3, and 4 were pooled for data 
analysis and that remains the primary analysis. However, 
by 5 years there were only 15 AMD events in Category 2 
distributed across all 4 treatment groups (3 in the placebo 
group). The low event rate makes it impossible to assess 
treatment effects in this category for the AMD outcome and 
less likely that any of the treatments would be recom- 
mended. Therefore, analyses are also presented for those 
participants most likely to benefit from an efFective treat- 
ment (Categories 3 and 4). 
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Figure 2. Age-Related Eye Disease Study (AREDS) randomization schema. 
AMD indicates age-related macular degeneration. 
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By Treatment 

Figure 5 shows repeated-measures estimates of the prob- 
ability of progressing to advanced AMD over time by treat- 
ment for participants in AMD Categories 3 and 4. At 5 
years, the estimated probability of progression to ad- 
vanced AMD was 28% for those assigned to placebo, 23% 
and 22% for those assigned to antioxidants and zinc, re- 
spectively, and 20% for those assigned to antioxidants 
plus zinc. Treatment effects, estimated by repeated mea- 
sures, for progression to advanced AMD for partici- 
pants in Categories 2, 3, and 4 and in Categories 3 and 
4, are presented in TabU 4. Results include compari- 
sons of the main effects of antioxidants vs no antioxi- 
dants and zinc vs no zinc (interactions between treat- 
ments are omitted here and throughout because they were 
not significant) and comparisons of each of the indi- 
vidual treatments vs placebo. When evaluating main ef- 
fects, there is a suggestive reduction in the risk of devel- 
oping advanced AMD for persons assigned to zinc (ie, 
combining those participants taking zinc alone with those 
taking zinc plus antioxidants; OR, 0.82; 99% confi- 
dence interval [CI 1, 0.66-1.03), and a nonsignificant effect 
on persons assigned to antioxidants (ie, combining those 
participants taking antioxidants alone with those taking 
antioxidants plus zinc; OR, 0.87; 99% CI, 0.70-1.09). 
Single-arm comparisons with placebo found risk reduc- 
tions statistically significant for antioxidants plus zinc and 
suggestive for the zinc arm but not for the antioxidants 
arm (antioxidants: OR, 0.80; 99% CI, 0.59-1.09; zinc: OR, 
0.75; 99% CI, 0.55-1.03; antioxidants plus zinc: OR, 0.72; 
99% CI, 0.52-0.98). 
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"Data are given as percentage unless otherwise indicated. AMD indicates age-related macular degeneration. 
fA multivitamin and mineral supplement manufactured by Whitenall-Roblns Healthcare, Madison, tii. 



The odds reduction increases when the analysis is 
restricted to participants in Categories 3 and 4, who have 
more severe AMD (extensive intermediate drusen, large 
drusen, or noncentral GA in 1 or both eyes or advanced 
AMD or vision loss due to nonadvanced AMD in 1 eye) 
and who are at the highest risk for progression to ad- 
vanced AMD (antioxidants: OR, 0.76; 99% CI, 0.55- 
1.05; zinc: OR, 0.71; 99% CI, 0.52-0.99; and antioxi- 
dants plus zinc: OR, 0.66; 99% CI, 0.47-0.91). An analysis 
adjusted for age, sex, race, AMD Category, and smoking 
status at enrollment did not materially alter the size or 
direction of these estimates. There was no evidence of 
significant clinic differences in treatment effect. Results 
from the Cox proportional hazards model (not shown) 



are consistent with observations from the repeated- 
measures analysis. 

PRIMARY OUTCOME — 
VISUAL ACUITY LOSS 

Figure 6 shows repeated- measures estimates of the prob- 
ability of at least a 15-letter decrease in the visual acuity 
score between baseline and each follow-up visit (equiva- 
lent to at least a doubling of the initial visual angle) in at 
least 1 study eye, by treatment, for participants in Catego- 
ries 3 and 4. At 5 years, the estimated probability of at least 
a 15-letter decrease in visual acuity score from baseline was 
29% for those assigned to placebo, 26% for those assigned 
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Figure 3 Participant follow-up and adherence by year in study. A, Number ot participants with tollow-up visits and percentage of total enrolled In- 3640) 
B, Percentage of participants taking at least 75% of their study tablets. 1 ' 



to antioxidants, 25% for those assigned to zinc, and 23% 
for those assigned to antioxidants plus zinc. Treatment ef- 
fects are tested using repeated measures and results for all 
participants in the AMD trial and for participants in Cat- 
egories 3 and 4 only are presented in Table) 5. Compari- 
sons of zinc vs no zinc and antioxidants vs no antioxi- 
dants (main effects) showed no statistically significant 
treatment difference. T he antioxidants plus zinc arm ( OR. 
079; 99% CI, 0.60-1.04) s howed a su^estive reduction 
compared with placeb o in the risk of visual acuity loss o f 
l lletters or more, among particip a nts in rarpg^ripc i i 
and4» there were 175 visual acuity events in participants 
in Category 2. However, only 13 of these events (7%) were 
thought by the examining ophthalmologist to be primar- 
ily related to macular degeneration. In addition, an ad- 
vanced AMD event simultaneously occurred with vision 
loss during at least 1 visit in only 15 of these participants 
(9%). In an analysis restricted to participants in Catego- 
ries 3 and 4, whose vision loss was more likely to be asso- 
ciated with progression of AMD, th e combina tion of ant i- 
o xidants plus zinc statistically significantly reduced the odds 
o fyisual acuity los s (OR, 0.73; 99% CI. 0.54-0.99TTKere 
are trends that favor treating with zinc alone or antioxi- 
dants alone but no statistically significant rliffprpnrpg Com- 
parisons between th e group taking the combination of a n- 
ti oxidants plus zinc with the groups taking e ither zinc o r 
an tioxidants were not statistically sigruficantlbut favor the 
computation arm (combination vs zinc atone: OR, 0.88; 99% 
U.u.05-1.18; combination vs antioxidants alone: OR, 0.86; 
99% CI, 0.63-1.16) (data not shown). An analysis ad- 
justed for age, sex, race, AMD category, and baseline smok- 
ing status did not_matp rifl)|y a ]^r rhp ci 7P 0 r direction of 
these OR estimates. Results from an analysis of mean change 
in visual acuity (data not shown) were consistent with re- 
sults from the repeated-measures analysis. 

Flgur* 7 shows the proportion of participants in 
AMD Categories 3 and 4 with evidence of at least a 15- 
letter decrease in visual acuity in at least 1 study eye at 
each year of follow-up for participants followed that year 
without regard to follow-up or visual acuity status at ear- 
lier or later years. The antioxidants plus zinc arm had 
proportionally fewer participants with visual acuity loss 
at each follow-up visit. P articipants assigned to recei ve 
zi nc or antioxidants also have fewer events than pa rtici- 



p ants assigned to placebo but had a higher propo rt i on 
o f events than participants a^s_i fme4Ka n , Oxidants plu s 
zinc, be ginning around year 3. 

SECONDARY OUTCOMES 

Several secondary visual acuity and AMD outcomes were 
analyzed to examine the consistency of observed find- 
ings with the primary outcomes. Analysis of secondary 
outcomes is restricted to Categories 3 and 4. Figure 8 
shows a summary of the ORs and 99% CIs for each of 
the treatments compared with placebo for the visual acu- 
ity primary and secondary outcomes and the AMD pri- 
mary and secondary outcomes, respectively. 

Other Visual Acuity Outcomes 

Visual Acuity Loss Attributable to AMD. An analysis of 
the development of advanced AMD, coincident with a de- 
crease in visual acuity from baseline of at least 15 let- 
ters, in study participants in Categories 3 and 4 is pre- 
sented in Tabl* 6 (Categories 3 and 4 combined and 
separately). For participants in Categories 3 and 4, the 
OR estimates for this combined outcome for the antioxi- 
dants arm and the zinc arm compared with placebo are 
0.79 (99% CI, 0.55-1.13) and 0.75 (99% CI, 0.53-1.07), 
respectively. An OR estimate of 0.63 (99% CI, 0.44- 
0.92) was obtained for the antioxidants plus zinc vs pla- 
cebo contrast. The OR for antioxidant plus zinc vs pla- 
cebo estimated separately for participants in Categories 
3 (OR, 0.76; 99% CI, 0.45-1.30) and 4 (OR, 0.52; 99% 
CI, 0.31-0.89) is in the direction of benefit for both groups. 

Marked Visual Acuity Loss. Visual acuity in all study 
eyes was 20/32 or better at baseline. Twenty percent of 
participants in Categories 3 and 4 experienced a de- 
crease in visual acuit y to worse than 20/100 in at least 1 
eye. 'I ne estimated 5-year probability of this severe vi- 
sion event from repeated-measures analysis was 17% fo r 
participants assigned to pjacebo compared with 14% loT 
tho scassigned to antioxidantsl OR. 0.80; 99% Cl70"55 : 
116)TuSaD.zinc (0k, 0.75T99% CI, 0.52-1.08), and 
L2% to antioxidants plus zinc (OR, 0.68; 99% CI, 
0.46-1.01). The 5-year probability estimate of bilateral 
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Figure 4. Repeated-measures estimates of the probability of the 
development of advanced age-related macular degeneration (AMD) in at 
least 1 eye of participants assigned to placebo by baseline AMD category. 
Events before year 2 reflect only photocoagulation. 



visual acuity worse than 20/100 in Category 3 partici- 
pants assigned to placebo was 11% and w as 10% for a n- 
Jjq^dflflty.plW 1 Kip r fanrinviAanu plus z j n c: OR, 0.86; 
99% CI, 0.50-1.49). For Category 4 placebo partici- 
pants the 5-year probability estimate was 28% a nd 17% 
f or ant ioxidants plus zinc (antioxidants plus zinc: OR, 
033T9'g^rrr05(OT94) (data not shown). 

The estimated 5-year probability of a 6-line (30- 
letter) loss in visual acuity from the baseline score was 
18% for participants assigned to placebo compared with 
,15% for participants assigned to either zinc (OR, 0.78; 
99% CI, 0.55-1.12) or antioxidants (OR, 0.78; 99% CI, 
0.55-1.12), a nd 13% fo r partjcjpant s assj ft ned to antiox i- 
d ants plus zinc (OR. 0.67: 99% CI. 0.46-0.98). 

Visual Acuity Loss in Eyes with Advanced AMD at Base- 
line. Separate repeated-measures analyses were per- 
formed to assess whether study formulations would re- 
duce the risk of losing 15 or more letters in the Category 4 
eyes with neovascular AMD at baseline (nonstudy eye). Re- 
sults are presented in TabU 7. Analyses were restricted 
to eyes without GA at baseline (because there were too few 
eyes with GA) and with a baseline visual acuity of 2(V100 
or better (visual acuity score of 49 or more, n=260) and 
separately for eyes with visual acuity of 20/200 or better 
(visual acuity score of &34, n=352). Odds ratio estimates 
showed protection for all treatment formulations (antioxi- 
dants: OR, 0.35; 99% CI, 0.15-0.81 and OR, 0.56; 99% CI, 
0.27-1.13, respectively; zinc: OR, 0.65; 99% CI, 0.28-1.50 
and OR, 0.93; 99% CI, 0.46- L89, respectively; antioxi- 
dants plus zinc: OR, 0.53; 99% CI, 0.23-1.24 and OR, 0.72; 
99% CI, 0.36-1.46, respectively). T he largest benefit was 
s een for the an tiaxidan foarm but the cUflere nc es between 
tTPfltmpni^ W f »» pnt statistically significan t 




Probability of AMD Event by Year 
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Figure B. Repeated-measures estimates of the probability of development 
of advanced age-related macular degeneration (AMD) in at least 1 study eye 
of participants in Categories 3 and 4 by treatment group. The study eye is an 
eye without disqualifying lesions or evidence of advanced AMD, and with a 
visual acuity score of greater than 73 letters (20/32 or better) at baseline. 
Events before year 2 reflect only photocoagulation. 



Components of Advanced AMD 

Analyses of the components of the AREDS definition of 
advanced AMD, neovascular disease development and GA 
involving the center of the macula, were performed on 
participants in Categories 3 and 4. Results are presented 
in Tabl* S. 

Development of Neovascular AMD. Five hundred ninety- 
two participants developed neovascular disease. A statis- 
r V 1 V ci F iR ^ nrh ^ Rt " f ^rrnpniwith pntm^ntcpi.ic 

z inc compared wi th gja cejaQ .wat-obsetvcd. for-oeavasc u - 
lar AMD outcomes in rjaj^irwr^in t Categpries,3 and 4 
(O02r99%rar0/i5-0.90). Benefit was statistically sig- 
nificant for the zinc vs no zinc main effect (OR, 0.76; 99% 
Q, 0.58-0.98), was suggestive for the zinc-alone arm (OR, 
0.73; 99% CI, 0.51-1.04), and was not significant for an- 
tioxidants alone (OR, 0.79; 99% CI, 0.56-1.13). 

Development of GA in the Center of the Macula. Among 
participants in Categories 3 and 4, an analysis of each 
treatment compared with placebo for the 257 partici- 
pants who developed central G A in an eye prior to any 
documentation of neovascular disease in that eye re- 
sulted in OR estimates of 0.80 (99% CI, 0.48-1.32) for 
antioxidants; 0.76 (99% CI, 0.46-1.27) for zinc; and 0.75 
(99% CI, 0.45-1.24) for antioxidants plus zinc. None of 
the ORs were statistically significant but all were in the 
direction of a benefit from treatment. The magnitude and 



(REPRINTED) ARCH OPHTHALMOL/ VOL 119, OCT 2001 WWW.ARCHOPHTHALMOL.COM 

1426 



©2001 American Medical Association. All rights reserved. 



Tabl» 4- Cttacl of 


Treatment on Rtrt ot Praptwlwi 


toAjJvancerfAMp 






j jWrU&pairji Jd : ^ ; ;M:|: Wrtteti^ jo ■-;[.•, 
CitBgorliiS, a, : iml 4 :; * l=tot»(i^»S «iit4v : ; " 
■W ^ :!(■> ft; ; : ;fc.!?:2^::^V;V::' 










^ijAflt&e^y?^! 


0,75 (0^5-1,03): .02 :^"WH (032-6,98) ,668: ; ; 


^iMii^ 

Mtlffltfda^ 

!f : ; Adjusted "\,;>: 





'Advanced age-related macular degeneration (AMD) Indicates 
photocoagulation or other treatment for choroidal neovascularization, central 
geographic atrophy, nondrusenoid retinal pigment epithelial detachment, 
serous or hemorrhagic retinal detachment, hemorrhage under the retina or 
pigment epithelium, or subretinal fibrosis; OR, odds ratio; and CI, confidence 
interval. Analysis by repeated-measures logistic regression, unadjusted. 
Pa. 01 is considered statistically significant. 

t Adjusted for age, sex, race, AMD category, and baseline smoking status. 

direction of the treatment effect was similar to the analy- 
ses presented for the primary outcome variables and for a 
neovascular AMD event; however, the number of GA events 
was considerably lower (592 with any neovascular event 
vs 257 with GA events) and the study has only about 40% 
power to demonstrate a statistically significant OR of 0.75 
for one of the treatment arms vs placebo. 

During the study, 407 participants without GA at 
baseline developed at least moderate GA (>360 urn) not 
necessarily involving the center of the macula. An analy- 
sis of treatment effect showed no significant difference; 
OR estimates are 0.86 (99% CI, 0.55-1.34) for antioxi- 
dants, 1.13 (99% CI, 0.74-1.74) for zinc, and 1.08 (99 % 
CI, 0.70-1.65) f or antioxidants plus zinc (data not shown). 

Progression of AMD 
in Category 2 Participants 

Only 28 participants of the 1063 who began the study 
in Category 2 progressed to advanced AMD in at least 1 
eye at the end of follow-up (15 by year 5). Three hun- 
dred sixteen Category 2 participants progressed to Cat- 
egories 3 or 4. There is.no.evidence.oLuxat^ 
i n delaying the progr ession of AMD in participantsjwho. 
began the study in Category 2; al l OR estimates cluste r 
a round 1.00 (ffata not shown) . 

ADHERENCE 
Serum Levels 

TabU 9 presents the median baseline value and me- 
dian percent change from baseline to the 1 and 5 year 
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Figure 9. Repeated-measures estimates of the probability ol a loss In the 
visual acuity score of at least 15 letters In at least 1 study eye of participants 
in age-related macular degeneration (AMD) Categories 3 and 4 by treatment 
group. The study eye is an eye without disqualifying lesions or evidence of 
advanced AMD and with a visual acuity score greater than 73 letters (20/32 
or better) at baseline. 
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•AMD indicates age-related macular degeneration; OR, odds ratio; and 
CI, confidence interval. Analysis by repeated-measures logistic regression, 
unadjusted. F*.01 Is considered statistically significant. 

t Adjusted for ace. sex, race, AMD category, and baseline smoking status. 

follow-up examinations for each ingredient of the study 
treatment as well as for alpha carotene, P-cryptoxan- 
thin, lutein and zeaxanthin combined, vitamin A, and ly- 
copene. Serum levels of each are presented for the 4 treat- 
ment groups. These measurements were made at baseline 
and during follow-up in only 3 of the AREDS clinics on 
almost 719 participants (88% of those alive at 5 years). 
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Figure 7. Proportion of participants with visual acuity loss o4 15 letters or 
more in at least 1 study eye by treatment flroup and follow-up time among 
participants in age-related macular degeneration (AMD) Categories 3 and 4. 



Changes in Serum Levels 
of Antioxidants and Zinc 

Participants assigned to medications containing antioxi- 
dants had statistically significant increases in median se- 
rum levels from baseline to year 1; about 25% for vita- 
min C, 82% for vitamin E-cholesterol ratio, and 485% 
for beta carotene. These increases abated slightly during 
the 5-year period. Participants assigned to receive study 
medications not containing antioxidants (placebo and zinc 
arms) experienced modest median changes during the 
5-year period: decreases of 7% and 12% for vitamin C, 
increases of 6% for vitamin E-cholesterol ratio, and in- 
creases of 4% and 0% for beta carotene. 

Similarly, participants assigned to medications contain- 
ing zinc had about an 18% increase in median serum level 
of zinc from baseline to year 1 and this was maintained dur- 
ing the 5-year period Participants assigned to receive study 
medications not containing zinc had small median percent 
increases in zinc during the same period of 3% and 1%. 
S~ These results indicate a definite serum response to 
/ each study ingredient. Median percent change in serum 
I level of copper from baseline ranges from a 3% decrease 
I to a 2% increase among all participants regardless of study 

\ mpHirarinn a«ignm«it. injjcfltjng nQ 4jflcre"ti al e ^Ct 
\ nf zinc, pxirfp with addifl fiuprfc, qxjde pri cQDDerJevels^ 

Changes in Other Serum Levels 

Only one of the other serum levels measured had a statis- 
tically significant changeduring follow-up. Participants as- 
signed to receive medications containing antioxidants had 
a statisjjcallysignific ant increased median percent change 
in serumTevels ofalpha carotene rroWbaseline to year 1 of 
about 43% compared with no change for participants tak- 



\T} VauH Acuity 0 

215-UOaVbial 
Acuity Loa 



Vteual Acuity <20/10Q 
m « Lost t 



Visual Acuity <20/1 00 OU 
dtaoofy 3 



Category 4 



ifrUne (30-Uttor) 
Vltual Acuity Loss 

(¥] AMD Outcome! 

AdvancadAMO 



Advanced AMD Wltti 
215-talier Leu 
Cttogorta3vKl4 



CttagofyS 



0.50 0.67 1.00 
Odds Ratio 



Figure 8. Odds ratios (squares) and 99% confidence intervals (colored bars) 
for each treatment compared with placebo for participants In age-related 
macular degeneration (AMD) Categories 3 and 4. A, Visual acuity outcomes. 
B, AMD outcomes. GA Indicates geographic atrophy. 

ingnonantioxidanl medications. This increase was not seen 
at year 5 but the difference between the treatments remained 
significant. Serum levels of lutein andzeaxanthin decreased 
during the 5-year period, with median percent decreases 
in year 1 and year 5 of 2% and 13%, respectively, in the pla- 
cebo arm , and from 7% to 33% in the other treatment arms; 
however, changes in the treatment arms were not signifi- 
cantly different from the placebo arm (P>.07). Vitamin A, 
(J-cryptoxanthin, and lycopene showed no statistically sig- 
nificant differences in change from baseline by treatment 
assignment. The effect of Centrum, which contains RDA 
doses of the study medications, on serum levels of antioxi- 
dants and zinc in this population was negligible. 

SAFETY OUTCOMES 

No clinically or statistically significant difference from base- 
line in serum levels of cholesterol or hematocrit was ob- 
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'Eyes with geographic atrophy at baseline are excluded. Unadjusted 
analysis by repeated-measures logistic regression. VA indicates visual acuity; 
AMD, age-related macular degeneration; OR, odds ratio; and CI, confidence 
interval. Ps.01 is considered statistically significant. 

served during the 5-year period (Table 9). In addition, no 
statistically significant difference between treatment arms 
in use of lipid- lowering medications at 5 years after en- 
rollment was observed (data not shown). TobU 1 0 pre- 
sents summaries of the statistically significant differences 
in safety outcomes (reported cause of hospitalizations, ad- 
verse experiences, and self-reported conditions) of nearly 
100 comparisons of zinc vs no zinc and antioxidants vs 
no antioxidants. The analyses were for all participants in 
the AMD clinical trial who had follow-up examinations. 

Potential Adverse Effects 

At the time of enrollment, participants were informed of 
possible adverse effects of and contraindications to the 
use of study medications: vitamin C (kidney stones), vi- 
tamin E (fatigue, muscle weakness, decreased thyroid 
gland function, increased hemorrhagic stroke risk), beta 
carotene (yellow skin), zinc (anemia, decreased high- 
density lipoprotein cholesterol, upset stomach). Partici- 
pants in the antioxidant arms more frequently reported 



Table 8. BRett of TwafmBrrt on HIrt of Davafopmarrt 
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"Age-related macular degeneration (AMD) Category 3 and 4 participants. 
Unadjusted analysis, by repeated-measures logistic regression. Neo vascular 
AMD indicates photocoagulation or other treatment for choroidal 
neovascularization, nondrusenoid retinal pigment epithelial detachment, 
serous or hemorrhagic retinal detachment, hemorrhage under the retina or 
pigment epithelium, or subretinal fibrosis; for central geographic atrophy, 
eyes of participants with prior neovascular AMD are excluded. OR indicates 
odds ratio; CI, confidence interval. Ps.D1 is considered statistically 
significant. 

yellow skin (8.3% vs 6.0%; P«.008). Participants in the 
zinc arms showed an excess of self-reported anemia 
(13.2% vs 10.2%; P-.004) but serum hematocrit levels 
showed no difference. These few and modest differ- 
ences are consistent with prestudy information on pos- 
sible adverse effects but no differences were seen for the 
other conditions of concern before the study. 

Hospitalizations 

Hospitalizations were assigned International Classification 
of Diseases, Ninth Revision (ICD-9)" codes based on dis- 
charge summaries. Participants in the antioxidant arms were 
hospitalized less frequently for mild/moderate symptoms, 
eg, chest pain or discomfort, vasovagal episode, fever (7.4% 
vs 10.1%; P* .005), and more frequently for infections (1.6% 
vs 0.8%; P= .04). Genitourinary hospitalizations (eg, un- 
specified urinary tract infection and prostatic hyperplasia 
in men and stress incontinence in women) were more fre- 
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•To convert to mlcromotes per liter In Systeme tnternational Units, multiply by the following conversion factors: vitamin C, 56.78; beta carotene, 0.0186; zinc, 0.153; 
copper, 0.1574; vitamin A, 0.0349. 
fValua is the total ascorbate level. 

tValue is the ratio of vitamin E and total cholesterol levels, which adjusts for potential differences in vitamin E. 

§To convert to millimoles per liter in Systeme International Units, multiply by the following conversion factors: triglycerides, 0.01 1 29; total cholesterol, 0.02586; 
high-density lipoprotein cholesterol (HDL-C), 0.02586; and low-density lipotrotein (LDC-C), 0.02586. 
||Value calculated as total cholesterol level - HDL-C) - (trlQlycerides/S). 
{Hematocrit was measured at all clinical centers. 



qucnt in participants randomized to the zinc arms (7.5% 
vs 4.9%; P= .001 for men and women combined, and 8.6% 
vs 4.4%; P= .001 for men alone). Hospitalizations for mild/ 
moderate symptoms were also more frequent in partici- 
pants randomized to zinc arms (9.7% vs 7.8%; P= .04). 

Adverse Experiences 

Reported adverse experiences were assigned ICD-9 
codes. Circulatory adverse experiences were less fre- 
quent in the antioxidant arms than the nonantioxidant 
arms (0.3% vs 0.8%; P=.04) and more frequently re- 
ported in the zinc arms than the nonzinc arms (0.9% vs 
0.3%; P».01). Skin and subcutaneous tissue conditions 
were more frequent in the antioxidant arms (2.2% vs 
1.0%; Pa .003); most participants with these conditions 
also self-reported yellow skin. 

Conditions Reported at Follow-up 

Participants in the antioxidant arms less frequently re- 
ported chest pains (20.2% vs 23.1%; P= .03) when asked 
at a follow-up visit. Participants assigned to zinc arms 
more frequently reported difficulty swallowing the study 
tablets (17.8% vs 15.3%; P* .04) compared with partici- 
pants taking formulations without zinc. 

Mortality 

Tab!* 1 1 presents the RR estimates from the Cox pro- 
portional hazards model for each treatment. Figure 9 
shows Kaplan-Meier estimates of the probability of death 
for each treatment. For the AMD clinical trial, none of 



the individual treatments, when compared with pla- 
cebo, statistically significantly reduced or increased the 
risk of mortality (P&.14 for all treatments). An analysis 
of zinc vs no zinc suggested a benefit (RR, 0.79; 99% CI, 
0.61-1.02). An analysis restricted to participants in Cat- 
egories 3 and 4 showed similar results (data not shown). 

The effect of treatment on mortality stratified by base- 
line smoking status (current smoker, former smoker, 
never smoked) found no significant effect of the use of 
antioxidants alone on mortality for current smokers (RR, 
0.99; 99% CI, 0.45-2.17) and a nonsignificant reduc- 
tion in mortality for the combination arm (RR, 0.61; 99% 
CI, 0.24-1.56). Relative risks for former smokers were 
similar to current smokers. For participants who had never 
smoked, the RR of death for those taking antioxidants 
alone was increased (RR, 1.57; 99% CI, 0.82-3.02) and 
suggested no effect on the combination arm (RR, 1.12; 
99% CI, 0.56-2.24). The small number of deaths from 
lung cancer (29 f0.8%|) showed no statistically signifi- 
cant difference by treatment. 



Data from AREDS demonstrate that treatment with zinc 
alpnej>x irLCjoinbjnaUQiUKirJx antioxidants, reduced the 
nskjjf. p rQ^essjon^iaadvjiPced AMD , in pa rtic i j pan,& in 
Categories 3 and3 . These categories are defined by ex- 
tenswe intermediate drusen, large drusen, or noncen- 
tral GA in 1 or both eyes, or advanced AMD or visual acu- 
ity <2(V32 attributable to AMD in feye. Estimates of RR 
derived from ORs suggest j^kje,du,cjioj^ jor those tak- 
ing antioxidants alone przinc alone of l,t%,anil,3U. < ^.X e - 
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•Of nearty 100 comparisons, only causes am) conditions significantly 
different by treatment are presented. 
tP<.05. 

§Self- re ported in response to predefined list of signs and symptoms 
suggesting an adverse event. 

spcctiyely. The risk reduction for those taking antioxi- 
dants plus zinc wJpgg jThe probability of developing 
advanced AMD byTyears among participants assigned 
to receive placebo varied within Category 3 from about 
27% for those wU hj^gej^senjnJ^ QA 
not Involving the center of the macula in at least" 1 eye, 
10 ? b i? u t 6% for the remaining participants in that cat- 
cgPiy- Participants in Category Triad' the highest prob- 
ability of progression, with an estimated probability of 
43% at 5 years. 

Too few advanced AMD events occurred in Category 
2 participants to assess whether any treatment tested in this 
study could slowtKe progression to advanced AMD for par- 
ticipants with milder drusen and retinal pigment epithe- 
lial abnormalities. This predefined group of participants aHHc 
virtually no information to the treatment comparisons. Re- 
moving this group provides more appropriate estimates of 
odds reductions within participants at risk for develop- 
ment of advanced AMD. There was no statistically signifi- 
cant evidence of a benefit in delaying the progression of 
Category 2 eyes to more severe drusen pathology (eg, mov- 
ing from Category 2 at baseline to Categories 3 or 4 dur- 
ing follow-up). One of the original and continuing goals 
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•Analysis by Cox survival analysis. RR indicates relative risk; 
CI, confidence interval. 
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Figure g. Kaplan-Meter estimates of the probability of death among all 
participants in the age-related macula; degeneration trial by treatment group 
P- .08, unadjusted comparison across treatments. 



of AREDS is to develop severity scales for AMD similar to 
those for diabetic retinopathy, and to use such scales to as- 
sess whether treatment slows the progression from earlier 
to more advanced stages of AMD. 

The ap parent treatment benejjtof anti oxidants plu s 
zinc.and z;jnc alnnp.was prrspnt fnuacBHhl^ 
defined i njhestu dy.BEQl^ 

(development of signs of neovascularAMD, accounting 
for 70%-80% of events, and development of central GA). 
T here was a nonstatistic ally sig nificant trend for_an in- 
crease in the risk of developing GA awa y fr om the ce nter 
of the macula in the zinc and^aniioxidanTplus zinc treat- 
ment groups compared with the placebo-treated group. 
Because the increase is not statistically significant and is 
contrary to the primary outcome of development of GA 
at the center, its explanation and importance are unclear. 

The clinical importance of th e reduction in the.d e- 
velopme nt of advanced AMD is enhanced by a corro bo- 
rating_effect on visual acuity. Compared with the pla- 
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cebo group, onlyjh^paiticipaiite_in Categories 3 and 4 
assigned to antio^ni^pju^zinc^ 
nificant reduction in the odds of a 15-letter orgreater vi- 
suaITcuUyrdecfease"(P^008)- TinbUngs of AREDS sug- 
gest that the estimated 27% odds reduction in thevisual 
a cuity outc ome for the combination arm may be toe com- 
bined benefit ofiheTz^^^^ (odds reduction of 

17%) a nd the an .ti oxidant component (odds reduction 
of 15%). The visuaf acuity benefit observed for the com- 
bination arm remains consistent for other, more severe, 
visual acuity outcomes, such as visual acuity worse than 
20/100 or a decrease in visual acuity of 6 lines or more. 

Although not a predefined outcome, a composite 
event was created to estimate risk reduction when ad- 
vanced AMD and a loss of at least 1 5 letters in visual acu- 
ity were observed concurrently. This event definition re- 
sulted in estimates of odds reductions of about 25% for 
zinc an d37% forjeinc . p lus antioxidantsjor partic ipants 
^Categories landAcombiried. Odds reductions for the 
antioxidants plus zinc treatment wejx24%.fQr.CalcgQEy_, 
3 participants and 48% for Cate gorv.4 Par t icipants. This 
analysts suggests that the reduction in risk otvisual acu- 
ity loss observed with the antioxidant plus zinc formu- 
lation may be a result of the reduction in risk of progres- 
sion to advanced AMD. The AREDS clinical trial of cataract 
found no effect of treatment on the development of lens 
opacity, 46 and theproporiion of participants with cata- 
ract surgery in 1 or both eyes during the study was bal- 
anced across treatment groups. It is unlikely that differ- 
ential treatment effects on lens opacity are affecting this 
visual acuity result. 

Two other trials assessed supplementation for 
patients with AMD. A small randomized trial, completed 
before AREDS began, suggested a benefit of large doses 
of zinc on visual acuity in persons with AMD. 27 For zinc 
alone, AREDS did not find a statistically significant 
reduction in the odds of a 15-letter visual acuity loss. 
The proportion of participants in the zinc arm with a 
visual acuity loss of at least 15 letters draws closer to the 
placebo arm by 7 years. Results from another random- 
ized trial reported that after 4 years of supplementation, 
500 1U per day of vitamin E had little benefit in reducing 
the risk of development or progression of AMD in a 
population of 1193 volunteers." 7 There were few 
advanced AMD events in the latter study. Their results 
may be consistent with the AREDS finding of little or no 
treatment effect in slowing the progression of AMD in 
Category 2 participants. 

Fifty-seven percent of AREDS participants were us- 
ing a multivitamin or at least 1 ingredient found in the 
AREDS formulation at the time of their AREDS screen- 
ing examination. About half of those supplementing were 
taking RDA doses rather than the 5- to about 15-fold 
higher doses of the AREDS ingredients. To accommo- 
date these persons within the AREDS clinical trial and 
to standardize the use of nonstudy supplements, Cen- 
trum without lutein, a widely available multivitamin/ 
mineral preparation with RDA-level dosages, was pro- 
vided to each participant who wanted to take or continue 
to take a daily multivitamin. Approximately 67% of par- 
ticipants chose to tak e Centru nL(about 13% of the AREDS 
participants who were not taking vitamins at the start of 



the study decided to take a multivitamin along with the 
study medication, perhaps because they were enrolling 
in this long-term study assessing the effects of vitamins 
and minerals). Thus, in addition to their dietary intake 
of vitamins C and E, beta carotene, and zinc, these per- 
sons had an increase in their intake by approximately 
100% of the RDA for each of the study ing redients wheth er 
assigned to placebo or active intervention. Any increase 
in serum levels resulting from this intake was negligible 
compared with serum increases from the use of the study 
supplements. The statistical power of the study to test 
its primary hypothesis about high doses of the study in- 
gredients might have been reduced to the extent that prior 
use or the continued use of RDA doses of these nutri- 
ents or other nutrients in the Centrum formulation affect 
the risk of AMD development. The treatment effect of 
the study formulations was in the beneficial direction for 
both AMD and visual acuity outcomes both in the group 
of participants choosing to supplement with Centrum at 
baseline and in the group not choosing Centrum at base- 
line (data not shown). However, these comparisons are 
underpowered and the choice to use Centrum was con- 
founded by the presence of AMD at study entry. 

Estimated pill counts showed that most patients look 
75% or more of the assigned medications and adher- 
ence was balanced by treatment. These estimates sug- 
gest good adherence.to.the.medic ation regimens, and this 
is supported by data showinglKat serum levels of each 
of the vitamins or minerals in the assigned study formu- 
lations in participants enrolled in the 3 AREDS clinics 
collecting specimens were elevated throughout the study. 
Tissue levels of the vitamins and minerals studied were 
not measured. 

Possible differences between treatment groups and 
the placebo group were assessed for approximately 100 
adverse events. The limited number of imbalances in the 
incidence of adverse events that were observed could be 
real or due to chance. The following 3 imbalances are no- 
table (P<01): an increase in hospjtalization for genito- 
minajxixmptpn^a 

mia in persons assigned to receive zinc f ormulations; and 
an increase in yellowinjrdrsjcih in _pe rsons a ssignedUo_ 
receive antioxi'dants. A subset of participants was moni^*\ 
tored for Ijpidand copper Jevels and the entire cohort 1 
was monitored for hematocrirbgcau^e of potential con- 
cerns about the high doses of zinc given. Although there 
was an increase in sejlreported .anemia , no statistically -~j 
significant effect of zinc supplements on hematocrit or 

serum levels of lipids or copper was observed. We have „ 

followed participants for an average of 6.3 years and have 
observed no serious consequence but we do not know 
the longer-term health effects of supplementation with 
these high doses of vitamins and minerals. Following the 
unmasking of study participants, all consenting partici- 
pants will be followed for at least another 5 years. 

Mortality in AREDS is about half that of the compa- 
rable general population. 1 " Early in the trial, a nonstatis- 
tically significant increase in mortality was observed among 
participants assigned to the antioxidants-alone arm. Re- 
sults from 2 other randomized clinical trials suggested in- 
creased risk of mortality among smokers supplementing 
with beta carotene. The data and safety monitoring com- 
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mittee recommended that smokers discontinue study medi- 
cations containing beta carotene. At the time of study en- 
rollment, only 8% of AREDS participants were smokers 
and 49% were former smokers. Early imbalances in mor- 
tality were observed regardless of smoking status. Results 
to date find no statistically significant deleterious effect of 
antioxidants on mortality, although the RR estimate re- 
mains in the direction of harm for participants who had 
never smoked. Whether there is a true increase in risk can- 
not be confirmed by AREDS. The observation of a reduc- 
tion in mortality associated with zinc arms compared with 
nonzinc arms may be somewhat exaggerated by the ap- 
parent nonstatistically significant increase in mortality 
observed for the antioxidants-alone arm. Comparison of 
zinc or zinc plus antioxidants with placebo was not sig- 
nificant (P&.14). Mortality risk in the antioxidants plus 
zinc arm was lower than in the placebo arm but this 
difference is also not statistically significant. 

The antioxidant formulation included only 3 anti- 
oxidants: beta carotene,. viurnm.E,.and.yitamin C. Indi- 
vidual effects of each of these components cannot be evalu- 
ated. Two carotenoids, lutein and zeaxanthin, were 
considered for inclusion in the formulation during the 
planning phase because they are concentrated in the 
macula. 40 However at AREDS initiation, neither carot- 
enoid was readily available for manufacturing in a re- 
search formulation. Beta carotene, another carotenoid with 
antioxidant potential, was included because it was readily 
available and under investigation in clinical trials of heart 
disease and cancer. The dose of beta carotene used in this 
study was 13jng/cL Other studies using similar doses of 
beta carotene in persons at high risk for lung cancer (ciga- 
rette smokers and asbestos workers) have demon- 
strated an increased incidence of cancer and mortality 
in persons assigned to beta carotene supplementa- 
tion. 4W3 Persons who smoke are at increased risk for both 
AMD 10 and lung cancer. Whether the benefits of a for- 
mulation that contains beta carotene for AMD outweigh 
the increased risk of lung cancer cannot be determined 
from this study and it may be prudent for smokers to avoid 
taking beta carotene. Lutein and zeaxanthin may be ben- 
eficial to macular health" but whether they can be sub- 
stituted for beta carotene cannot be answered by AREDS. 
The dose of vitamin C (500 mg) used in the formulation 
is about Itirnes.what the general population receives from 
diet.alone," The 400-IU dose of vitamin E is about 13 
ri iB£5JJleJ*pA and the dose of zinc as zinc oxide is about 
5ji mes theRD A. These levels of zinc and vitamins C and 
E generally can be obtained only by supplementation. 

When interpreting AREDS data, several factors 
should be considered. First, as is often the case jp i pre- 
v ention studies, the population participating in this study 
may differ from the general population. The AREDS par- 
ticipants were relatively well-nourished compared with 
the general population, and the effect of this and other 
differences on the general izability of AREDS findings is 
unknown. Second, the AREDS retinal outcomes are based 
on color fundus photography rather than on fluorescein 
angiography or clinical examinations. Using fundus pho- 
tographs without fluorescein angiography to identify ad- 
vanced AMD may delay the identification of advanced 
AMD events and may underestimate the absolute inci- 



dence. Most cases are identified with long-term fol- 

low-up and the assessment of the outcome is identical 

in each randomized treatment group. Third, for data in 
this study OR reductions are greater than estimates of 
RR reductions. Finally, it is not known how long some- 
one at risk for advanced AMD should use supplements. 
Data from AREDS suggest that the^epmbir^ion^ 
co iltr s . a treatment tenefit for AMD and visual a^iryjjut^ 
come^tto J is.main&^ i / 

in participants at risk for progression toadvanced AMD? " vf" 
The treatment benefit is moaWfand .particj ianjsjtoall ^ 
tEeatment arms continue to pro gress to advaru:ecfAMD 

AREDS was designed to assess whether active treat- 
ment with antioxidants and/or zinc could reduce the risk & 
of developing advanced AMD. The results are consis- 
tent in demonstrating that, compared with the placebo 
group, participants in£ategQries.3 jmd 4assi gned to re - 
cejye antioxidants plus zinc had the largest reduction qf 
thc^k of^eyelpping Evinced AM 
Partici pants assi gned tojecejye either zinc or antipxi- 
dantsseem to hav e a lesser^benefiffrom' th^ stu'dy^edi- 
cation. The study was not powered to assess wfetlwthei^ 
f*were difference s between apparent l y effec tive treat* 

(merits. ^ ' ~~ * 7 

Who should consider long-term supplementation 
with zinc and antioxidants? The results of AREDS to date 
demonstrate no benefit of the study formulations for per- 
sons Jn Categories 1 or 2. For Americans older than age 
70, approximately 80% fall in these low-risk groups." In 
AREDS, persons in these categories had low rates of pro- 
gression to advanced AMD (1.3% in 5 years for Cat- 
egory 2 and < 1% for Category 1) and therefore the study 
has very low power to assess the effect of these treat- 
ments on the development of advanced AMD. With these 
low rates it seems reasonable to defer consideration of 
supplementation until thcrisk. of pro flresston is higher, 
especially because analyses to date d o not showlhaTtr eat- 
m^&ejfecjiyjej^ 

CategQryJjp^tegprjes^.PCt Whether supplementa- 
tion benefits persons who already have advanced neo- 
vascular AMD in both eyes is not clear and this study 
was not designed to address this question. There is lim- 
iteAgqdfiflC^JrQrn.AREDS that supplement s ma yjgtay 
further visual a cuity loss in',^ome_^nh"e sA mor e ad- 
vanced ey es (Table 7) but furtheT r studv of ^isjQUtcqpje 
is^aeede^ ~' 
Although both zinc and antioxidants plus zinc sig- 
nificamlyreckacjLthF.nf^ 

fQJ^ticipam^ only statisti- 

cally significant re duction in rates of at least moderate 
visual acuiryJoss-occurred An pprenne ac^i^fd tfl_aP rL 
oxidants pl us zinc . When considering long-term supple- 
mentation, some people may have reason to avoid I or 
more of the ingredients evaluated in AREDS. Persons who 
smoke cigarettes should probably avoid taking beta caro- 
tene, and they might choose to supplement with only some 
of the study ingredients. The effect of using zinc supple- 
mentation alone can be estimated from these data but the 
effect of using only some of the antioxidants or substi- 
tuting other antioxidants, such as lutein, cannot be de- 
termined. 
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Based on data from AREDS, persons older than 35 
years should have dilated eye examinations to deter- 
mine their risk of developing advanced AMD. Those with 
extensive intermediate size drusen, at least 1 large druse, 
or noncentral GA in 1 or both eyes or those with ad- 
vanced AMD or vision toss due to AMD in 1 eye, and with- 
out contraindications such as smoking, should consider 
taking a supplement of antioxidants plus zinc such as that 
used in this study. 
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A look at th« past . . . 

Glaucoma and Sympathectomy 



J 



ONNESCO commends anew the resection of the superior cervical gan- 
glion in the radical treatment of glaucoma. Amongst 22 patients so op- 
erated, a permanent marked improvement was obtained in 20, and in 2 
cases only was there no result. 



Reference: Berger E. Report of the Ophthatmological Section of the 13th In- 
ternational Medical Congress in Paris, August 2-9, 1900. Arch Ophthalmol 
1901 ;30: 195. 
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ANNEX 2 



Risk of Developing Advanced AMD 
graph taken from 

AREDS Report No. 8, "A Randomized, Placebo-Controlled, Clinical Trial of High- 
Dose Supplementation with Vitamins C and E, Beta Carotene, and Zinc for Age- 
Related Macular Degeneration and Vision Loss", Arch Ophathalmol Vol 119 
Oct. 2001, pp. 141 7-1 436. ' 



ANNEX 3 

Risk of Moderate to Severe Vision Loss 

graph taken from 

AREDS Report No. 8, "A Randomized, Placebo-Controlled, Clinical Trial ofHigh- 
2 0 f! S ^PP lem ^ ntation with Vitamins C and E, Beta Carotene, and Zinc for Age- 
Related Macular Degeneration and Vision Loss", Arch Ophathalmol Vol 119 
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Eye Care Professional Sample Only 
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ThelO^Age^bled Eye Disease S^(AREIH)ide^ 
n cMtaatoi wftzwand corw suppfanenb, en be eferik in reducing (he risk oi AgevRdated Macular Disease (AMD) 1 . 



Supplement Fads 

Serving Size: Twcapsules/Twe a day 


rWCapsdesCostabc 




Vitamin A (from Beta Carotene) 


28A40IU 571%; 


Vitamin C (Ascorbic Acid) 


452 mq 75396 


VHamtn E (dl-alpha Jocopheryl Acetate) 400 1U 033% 


Zinc (Zinc (We) 


mm 464% 


Copper (Cupric Oxide) 


16 mg 80% 


Utein/Zeaxanthin : 


6mg 



'This product has not been evaluated by the Food and 
Drug Administration. This product h not intended 
to diagnose, treat or prevent any disease of the eye. 



Magnesum Stearate, 
"MyWutirierfatt^ 

I Natiosd Eye bstthrits Aot-Rebttd Diwau 
Study (MEM* 

R«. 02/02 LCW7W 



WARNING: Keep this and ail drugs out oJchdaWsreariLmcaseof 
an accidentd owdose, seek profess^ 
control center bnmed&eJy. 

USUAL D0SA6& Jwo capwWWt a day 

Lot mm^ and expiration o^ 

C>2002Ahar*W. . 

Akcmlnc. ^EiaiifMbWtf Aknk. 

bB* (^160089-4691 0bWb S ki4r«ri«IAknk 



MaculaR 



US Capsules 



Description 

MaculaRx Plus is a high-potency antioxidant vitamin and mineral supplement designed to help maintain the health of the macula, the area at 
the center of the eye s retina where the sharpest central vision occurs. The nutrient profile of MaculaRx Plus reflects the findings of the Age- 
Related Eye Disease Study (AREDS) as well as other recent research that has increased scientific knowledge about the potential role of lutein 
in macular health. 



MaculaRx Plus Highlights 

■ Powerful nutritional formulation for 
individuals concerned about preserving 
macular health 

■ Contains blend of antioxidants and zinc at 
levels found to support eye health in the 
AREDS clinical trial, supported by the 
National Eye Institute 

• Contains 15 mg of FloraGLO® lutein, a 
premium source, consistent with the latest 
scientific findings on lutein s role in 
macular health 

■ Made from premium ingredients and 
manufactured according to the highest 
quality standards 

• Effective stand-alone formulation for 
macular health* 

*To add full body muttinutrient support, one-half dose 
of MaculaRx Plus may be combined with OculaRx* 

Results from the Landmark 
AREDS Clinical Trial 

In November 2001, results from the 
National Eye Institute-sponsored Age- 
Related Eye Disease Study (AREDS) 
were published. This long-term, multi- 
center trial found that high-risk category 
patients supplementing with antioxidants 
and zinc improved the chance of retaining 
their macular health status by 25% and 
preserving their vision by 19% (1). 

Rationale for Inclusion of Key 
Ingredients 

Vitamin A (5,000 IU) 

MaculaRx Plus provides 100% of the 
recommended Daily Value of vitamin A; 
half as pre-formed retinyl palmitate, and 
half as beta-carotene, which is converted 
to vitamin A only as required by the body. 



Vitamin A (also known as pre-formed A or 
retinyl palmitate) is essential for proper 
eye health. It protects night vision and is 
vital for the health of the eye s cornea. It 
also works with zinc to support the proper 
function of various eye structures. Vitamin 
A serves an important role" in interactions 
with zinc and the amino acid taurine 
within the photoreceptors of the retina. 

Vitamin A as Beta-Carotene (50%; Z.500 IU) 

Beta-carotene functions primarily as an 
antioxidant and is converted to vitamin A 
only as needed by the body. MaculaRx 
Plus contains one-tenth the level of beta- 
carotene administered to participants in 
the AREDS clinical trial. The level of 
beta-carotene in MaculaRx Plus (2,500 
IU) is considered to be safe for the general 
population. High doses of beta-carotene 
are linked to increased health risks in 
smokers; therefore, levels of supplemental 
beta-carotene similar to the amount 
utilized in AREDS may not be advisable 
for current or former smokers (2,3). It is 
important to note that since the AREDS 
clinical trial began in 1991, new science 
has emerged suggesting that lutein and 
zeaxanthin are the antioxidants more 
positively associated with macular health. 



Vitamin C (500 mo) 

Vitamin C is a water-soluble 
antioxidant that is concentrated in 
ocular tissues where it inactivates 
free radicals. Free radicals are the 
highly reactive compounds 
produced through the body s use 
of oxygen, and generated by 
outside sources such as ultraviolet 
light (4). As an integral 
component of the body s 
antioxidant defense system, 
vitamin C also aids in the 
recycling of other antioxidants 
such as vitamin E. MaculaRx Plus 
supplies 500 mg of vitamin C as 



ascorbic acid, the form and level 
administered in the AREDS clinical trial. 

Vitamin E (400 III) 

Fat soluble vitamin E is the major chain- 
breaking antioxidant present in retinal and 
macular membranes. As a first line of 
defense against fatty acid peroxidation, 
vitamin E helps protect cell membranes 
against free radical attack through its free 
radical scavenging activity. MaculaRx 
Plus provides the natural source rather 
than the synthetic form of vitamin E, as 
studies demonstrate that this form offers 
superior bioavailability and is better 
retained in tissues (5,6,7). MaculaRx Plus 
includes 400 IU of vitamin E, the level 
administered in the AREDS clinical trial. 



Zinc is an essential mineral that is 
selectively concentrated in the eye. It is 
found in the retina and choroid, ciliary 
body, iris, optic nerve, sclera, cornea and 
lens. Within these ocular structures zinc is 
believed to interact with vitamin A and 
taurine to modify photoreceptor 
membranes, to help regulate the light- 
rhodopsin reaction, to influence nerve 
transmission and to serve as an 
antioxidant (8). MaculaRx Plus provides 
80 mg of zinc, the level administered in 
the AREDS clinical trial. 

Lutein FloraGlO® (15 mo) and Zeaxanthin (750 meg) 

Lutein and zeaxanthin are two 
similarly-structured carotenoids 
found in green leafy vegetables 
like spinach, kale and mustard 
greens. These carotenoids make 
up the macular pigment of the 
retina, the tissue with the highest 
concentration of lutein and 
eaxanth in in the body (9). As 
the macular pigment, 
"and zeaxanthin filter blue 
Le) light that can induce 
©-oxidative stress. 




ANNEX 5 



Products having entered the nutritional market touting "AREDS" formulation. 
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